Alkaloidal extracts of six selected species of Amaryllidaceae were studied with respect to their antibacterial and anti-yeast activity and their alkaloidal fingerprint. Twenty-five alkaloids were determined by GC/MS, and sixteen of them identified from their mass spectra, retention times and retention indexes. In the antimicrobial assay, Gram-negative Escherichia coli and Gram-positive Staphylococcus aureus were used, along with isolates of the human pathogenic yeasts Candida albicans, C. glabrata, C. dubliniensis and Lodderomyces elongiosporus. The six extracts, together with 19 Amaryllidaceae alkaloids isolated in our laboratory, showed almost no inhibitory activity against the bacteria tested. However, promising anti-yeast properties were detected; the most potent activity was shown by lycorine, which inhibited C. dubliniensis with a MIC of 32 µg/mL, C. albicans and L. elongiosporus, both with MICs of 64 µg/mL, followed by caranine inhibiting C. dubliniensis with a MIC of 128 µg/mL. Among the alkaloidal extracts, Narcissus jonquilla cv. Baby Moon showed the most potent anti-yeast activity, with minimal and average MIC values of 128 and 192 µg/mL, respectively, followed by Leucojum aestivum, Narcissus poeticus var. recurvus and N. canaliculatus (average MICs 256, 267 and 299 µg/mL, respectively). The lowest MIC value among extracts was obtained for N. canaliculatus against L. elongiosporus (MIC 64 µg/mL).
The family Amaryllidaceae comprises about 85 genera and 1100 species that are distributed widely in tropical regions of the world. More than 500 Amaryllidaceae alkaloids have been isolated and reported to have acetylcholinesterase inhibitory, antibacterial, antifungal, antimalarial, antitumor, antiviral, and cytotoxic activities [1a,b] . The medicinal properties of these plants were already known in the fourth century B.C., when Hippocrates of Cos used oil from the daffodil Narcissus poeticus L., for the treatment of uterine tumors. Antimicrobial activity of Amaryllidaceae alkaloids is mentioned frequently in introductions to research articles, but, factually, there are only few reports to support this claim.
In one of the previous studies the CH 2 Cl 2 /MeOH extract of leaves from Crinum purpurascens and two Amaryllidaceae alkaloids hippadine and pratorimine were screened for their antimicrobial activity. The MIC values obtained for the CH 2 Cl 2 /MeOH extract varied from 3 mg/mL (against Pseudomonas aeruginosa) to 6 mg/mL (against Salmonella typhii and S. paratyphi B). The profile of secondary metabolites was not reported. The MIC values for hippadine varied between 200 and 250 µg/mL against all the bacterial strains used. Pratorimine was considered as inactive [1c] . The light petroleum extract of flowers of Hymenocallis littoralis showed weak inhibition activity against Gram-positive Staphylococcus aureus (inhibition-zone diameters = 14 mm) [1d] . Six Amaryllidaceae alkaloids isolated from Amaryllis belladonna have been screened for their antimicrobial activity. The results showed that amarbellisine, pancracine, vittatine and 11-hydroxyvittatine are active against Staphylococcus aureus. Amarbellisine and vitattine also exhibited activity against Gramnegative Escherichia coli, whereas pancracine showed activity against Pseudomonas aeruginosa. All tested alkaloids showed activity against the yeast Candida albicans [1e] .
In an ongoing study of the Amaryllidaceae alkaloids, we screened for antibacterial and anti-yeast activity of six alkaloidal extracts of selected Amaryllidaceae plants and fifteen Amaryllidaceae alkaloids previously isolated in our laboratory. Microorganisms were selected to include Gram-positive and Gram-negative bacteria, and human pathogenic yeasts.
Analysis of the alkaloid extracts of six Amaryllidaceae plants by GC/MS led to the identification of 25 compounds of different structural types (Table 1) . Some alkaloids were left unidentified (A1-A9). For their proper identification, isolation and spectroscopic studies are necessary.
All tested alkaloids have been previously isolated in our laboratory from four plant species Zephyranthes robusta [2,3a] , Chlidanthus fragrans [3b], Nerine bowdenii and Narcissus poeticus cv. Pink Parasol and belong to five structural types of Amaryllidaceae alkaloids:
α-crinane-type (haemanthamine, haemanthidine, hamayne), β-crinane-type (ambelline, undulatine, buphanamine, 1-O-acetylbulbisine, crinine, buphanisine, buphanidrine), galanthamine-type (galanthamine, chlidanthine, lycoramine), lycorine-type (lycorine, galanthine, 9-O-demethylgalanthine, caranine, acetylcaranine), and tazettine-type (tazettine).
Results of in vitro antimicrobial assay are summarized in Minimal fungicidal concentrations (MFCs) ( Table 2 ) towards all yeasts were determined for extracts and pure alkaloids. In extracts, the MFC values were equal to or up to four times higher than MIC values, if MICs have been defined. For pure alkaloids, MFCs were defined in fewer cases. For lycorine, MFCs were either the same as or up to eight times higher than MIC values. For caranine, the MFC was equal to the MIC for C. glabrata (512 µg/mL), and towards C. dubliniensis, the MFC was four times higher than the MIC.
According to the GC/MS analysis, the most active substance, lycorine, was contained in the highest percentage proportions in the most active extracts, 50% in N. jonquilla cv. Baby Moon, 26% in Leucojum aestivum and 20% in Narcissus poeticus var. recurvus. Thus, it might be concluded that lycorine is probably responsible for the anti-yeast activity in the mentioned extracts. On the other hand, caranine, a structurally very similar compound, differing only in the absence of a hydroxyl group at C-2, showed markedly lower antifungal activity than lycorine. Thus it could be suggested that the hydroxyl groups at C-1 and C-2 are of high importance for the antifungal activity (Figure 1 ). For a detailed structure-activity relationship (SAR) a wider range of lycorine-type Amaryllidaceae alkaloids must be either isolated or synthetically prepared from natural precursors and tested. Extraction and isolation of alkaloids: Fresh bulbs (3 x 15 g) were extracted 3 times with EtOH (50 mL) at room temperature for 24 h.
The solvent was evaporated under reduced pressure and the residue dissolved in 10 mL 2% HCl. After removal of neutral compounds with diethyl ether (3 x 15 mL), the extract was basified with 25% ammonia solution and the alkaloids extracted with EtOAc (3 x 15 mL). The organic solvent was evaporated and 2 x 10 mg of each alkaloid extract was used for antimicrobial assay. The rest of the dry alkaloid fraction was dissolved in MeOH to a final concentration of 1 mg/mL for further analysis.
GC/MS analysis: GC/MS analysis was performed on an Agilent 7890A GC 5975 inert MSD operating in EI mode at 70 eV (Agilent Technologies, Santa Clara, CA, USA). The separation was carried out on a DP-5 MS column (30 m × 0.25 mm × 0.25 μm, Agilent Technologies Santa Clara, CA, USA). The temperature program was from 100-180°C at 15°C/min, 1 min hold at 180°C and then 180°C-300°C at 5°C/min and 35 min hold at 300°C. The injector temperature was 280°C. The flow rate of carrier gas (helium) was 0.8 mL/min. The detection range was m/z 35-600, and the detector temperature 200°C. An injection of 1 µL of alkaloid solution (1 mg/mL) was introduced in split mode (split ration 1:10). The individual alkaloids were identified based on comparison of their MS with those in the NIST library, with reported spectra in the literature, and finally with spectra of reference compounds isolated earlier in our laboratory. The confirmation of molecular weight was accomplished by a GCMS-QP2010 plus system with chemical ionization (Shimadzu, Japan). Isobutane (3.5; Linde Gas -Linde Technoplyn a.s., Czech Republic) was used as reagent gas. The separation was carried out on a HP-5MS UI column (30 m ×0.25 mm × 0.25 μm, Agilent Technologies Santa Clara, CA, USA) and the temperature gradient described above was used. The injector temperature was maintained at 280°C. The carrier gas (helium) flow rate was set at 0.8 mL/min. An injection of 1 µL of alkaloid solution (1 mg/mL) was introduced in split mode (split 1:3) on the column. The samples were monitored in the full scan m/z 70-550. The detector temperature was kept at 200°C.
Isolation of alkaloids:
Galanthamine, galanthine, 9-Odemethylgalanthine, haemanthamine, haemanthidine, hamayne, lycorine, and tazettine were isolated from the bulbs of Zephyranthes robusta, as previously reported [2,3a] . Ambelline, undulatine, buphanisine, and chlidanthine were isolated from the bulbs of Chlidanthus fragrans, as previously reported [3b].
Isolation of 1-O-acetylbulbisine and buphanamine:
The main procedure is described in Cahlíková et al. [3b] . The combined mother liquor (ML) of fractions III and IV was additionally subjected to preparative TLC (cHx:To:Et 2 NH, 50:45:5, 3x) and 1-O-acetylbulbisine (31 mg) was isolated [3c]. ML of fraction V was subjected to repeated preparative TLC (To:Et 2 NH, 95:5, 2x) and buphanamine (25 mg) was isolated [3d].
Isolation of crinine, caranine, acetylcaranine, and buphanidrine: Crinine (35 mg), caranine (48 mg), acetylcaranine (19 mg), and buphanidrine (21 mg) were isolated from the alkaloidal extract of Nerine bowdenii (1 kg, 2.5 g extract) by prep TLC (To:Et 2 NH 95:5, 3 times). The structures were determined by comparison of their mass and NMR spectra, and additional physical properties with literature values [4,5a] .
Isolation of lycoramine:
Lycoramine (16 mg) was isolated from the alkaloidal extract of Narcissus poeticus cv. Pink Parasol (650 g, 950 mg extract) by prep. TLC (To:Et 2 NH 9:1, 2 times). The structure was determined by comparison of its mass and NMR spectra, and additional physical properties with literature values [5b]. Purity of all additionally isolated compounds was ≥ 95%. Pure compounds -512  512  512  ---ambelline  --512  -512  -512  ---512  ---buphanamine  ------512  ---512  ---buphanidrine  ------512  ---512  ---buphanisine  512  -512  -512  -512  -512  -256  -1024  1024  caranine  512  -512  -512  -128  512  512  512  256  512  2048  -chlidanthine  ------512  ---512  512  --crinine  --512  -512  -512  -512  -256  512  --galanthamine  ------512  ---512  512  2048  2048  galanthine  --512  ---512  -512  512  512  ---haemanthamine  --512  ---512  ---256  ---haemanthidine  ------512  ---512  ---hamayne  ------512  ---512  ---lycoramine  ------512  ---512  512  --lycorine  64  512  128  512  256  512  32  256  512  512  64  256  --tazzetine  ------512  ---512  512  --undulatine  --512  ---512  -512  -512  512  --tetracycline  nd  nd  nd  nd  nd  nd  nd  nd  nd  nd  nd nd Faculty of Medicine, Charles University in Prague and Motol University Hospital. They were isolated from different sources as is given in the brackets following the isolates' naming: C. albicans 1 (oral cavity), C. albicans 2 (lower respiratory tract), C. dubliniensis 1 (sputum), C. glabrata 1 (sputum) and Lodderomyces elongiosporus 1 (endotracheal aspirate). The identification was executed using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry MALDI-TOF MS Microflex TM LT/SH, (Bruker Daltonik, Bremen, Germany) using IVD MALDI Biotyper 2.2 software. Bacteria were grown and tested in Mueller-Hinton broth and yeasts in Sabouraud Dextrose agar (SDA) and Sabouraud liquid medium. All media were purchased from Oxoid (Basingstoke, United Kingdom).
Antimicrobial activity assay:
For tests of the antibacterial and antiyeast activity of the extracts and pure compounds, stock solutions were prepared by dissolving them in a 5%, v/v, solution of DMSO in appropriate sterile broths to a final concentration of 2048 µg/mL for antibacterial assay, and for anti-yeast assay 1024 and 512 µg/mL for extracts and pure compounds, respectively. The in vitro antimicrobial activity was determined according to Murray [8] by the broth microdilution method using 96-well flat-bottom microtiter plates. The modifications recommended for effective assessment of the anti-infective potential of natural products were implemented according to Cos et al. [9] . The bacterial and yeast inoculum was standardized using the McFarland scale to achieve final densities of 1-5 x 10 5 and 0.5-2.5 x 10 3 cfu/mL after inoculation, respectively. Tetracycline hydrochloride and tioconazole (Sigma Aldrich, Czech Republic) were employed as positive controls of antibiotic activity for bacteria and for yeasts, respectively. The plates were incubated at 37°C for 48 h for yeasts, and for 24 h for bacteria. The OD 405 was determined spectrophotometrically using a Multi-scan Ascent Microplate reader (Thermo Fisher Scientific, USA) to evaluate the growth. MICs were defined as the concentrations resulting in a ≥80% inhibition of growth relative to a growth control. In the case of tioconazole, the MICs were defined as ≥50% inhibition of growth relative to a growth control [8] . The tests were made in triplicate and the median values were used for MIC calculation. A control of the final DMSO concentration was made simultaneously to ascertain no inhibition of growth. MFCs were determined according to Murray [8] . Briefly, aliquots of 20 µL from each well that visually showed complete inhibition of growth were subcultured onto SDA plates and incubated for 3 days at 37°C. MFCs were defined as the concentrations resulting in no growth.
